The natural history of atrial septal defect becomes increasingly difficult to determine with the number of patients having operations. The expectation of life has been calculated for those surviving their first year by two quite independent methods: (i) from I21 reported necropsies and (2) by calculating the mortality rates each decade from 25 deaths among 167 personal or reported patients followed for 663 patient-years. They were patients rather than the ideal of unselected children, but many were symptomless when first seen and sent only because of their physical signs. In successive decades they rise from 2 7, to 4 5, to 5 4, and to 7.5 per cent per annum. One-quarter have died just before their 27th year, half by their 36th year, three-quarters by 5o, and go per cent by 6o years. The arithmetical mean age of death is 37.5 + 4.5 years. The median is also 37 years. The mode is widely spread through the 3rd to 6th decades.
The natural history of atrial septal defect becomes increasingly difficult to determine with the number of patients having operations. The expectation of life has been calculated for those surviving their first year by two quite independent methods: (i) from I21 reported necropsies and (2) by calculating the mortality rates each decade from 25 deaths among 167 personal or reported patients followed for 663 patient-years. They were patients rather than the ideal of unselected children, but many were symptomless when first seen and sent only because of their physical signs.
The two methods gave close agreement about the percentages still living at the end of each decade, generally within + i or 2 per cent and only as much as + 4 5 per cent in the second decade. With the relatively small numbers involved, such close agreement is probably fortunate.
The mortality rates are low for the first two decades, o '6 and 0 7 per cent per annum. In successive decades they rise from 2 7, to 4 5, to 5 4, and to 7.5 per cent per annum. One-quarter have died just before their 27th year, half by their 36th year, three-quarters by 5o, and go per cent by 6o years. The arithmetical mean age of death is 37.5 + 4.5 years. The median is also 37 years. The mode is widely spread through the 3rd to 6th decades.
All these figures are better than those for aortic stenosis, coarctation of the aorta, and pulmonary stenosis. In and after the fourth decade they approximate more closely to the figures for aortic stenosis and coarctation but are still better than those for pulmonary stenosis. They are improved on only by those with a persistent ductus.
Atrial septal defect is fairly common: about I0 per cent of all cardiac malformations at birth, about I2 per cent of those in children, and over I5 per cent at clinics for children and adults (Campbell, I968c) . The large heart and pulmonary arteries were described by Assmann (I929) and the pulmonary arterial pulsation, the hilar dance, by Pezzi (I925, 1932) , though Bedford, Papp, and Parkinson (I94I) and Taussig (1947) emphasized that this was a sign of atrial septal defect quite independently of pulmonary regurgitation.
Two classical papers, the first to collect a long series of necropsies (Roesler, 1934) and the first to report a series of patients studied personally (Bedford et al., I94i) , are mentioned here though they will be used more fully later. Brown (1939) In the fourth and later decades these complications were much more common. More than half the patients seen were severely disabled. In the fourth, 4 of the 24 patients died in 64 patient-years, a mortality rate of 6-3 per cent per annum.
I am sure much higher mortality-rates are correct but not sure that they should be quite as high as these. I did not feel this hesitation about my patients with coarctation because many who died had come under my observation in apparently good health only a few years before, especially those who died with aortic rupture or intracranial haemorrhage. Patients with atrial septal defect generally go downhill more gradually, and few came under my observation in these decades while they were still feeling fit. There was, however, one woman who seemed well at first but died within two years with sudden left ventricular failure.
I have found no other series where the patient-years and mortality-rates can be calculated for any of the first four decades, but Craig and Selzer (i968) give some useful information.
Craig and Selzer's estimates of life expectation In I28 of their patients, all i8 years or over, I4 per cent developed pulmonary hypertension in the third or fourth decades. Craig and Selzer compared the age distribution of 65I personal and reported patients with atrial septal defect, all in the third to seventh decades, with the distribution to be expected among 65i normal subjects (Table 2) .
From these figures they concluded that the expectation of life for those with atrial septal defect is greatly reduced in the third and fourth decades and enormously so in the fifth and later decades. Some calculations I have made from these figures suggest that the mortality rates were probably about 2-6 per cent per annum in the third and fourth decades, about 4-4 per cent in the fifth decade, and about 7-3 per cent per annum in the sixth decade.
Fifth and sixth decades Of our patients in the fifth decade, 2 died, and i with congestive failure who died towards the end of the fourth decade after an operation is counted here as she would probably have lived a few more years; 3 deaths in 47 patient-years gives a mortality-rate of 6x3 per cent per annum.
In the sixth and later decades, 3 more died in 32 patient-years, a mortality-rate of 9.4 per cent per annum. One had been quite well till the onset of atrial fibrillation at 56 and lived to be 63 years old.
For these decades, there is a more valuable paper with full details of the patient-years by Markman, Howitt, and Wade (I965) on atrial septal defect in middle-aged and elderly patients. Unfortunately they did not extend their observations to the third and fourth decades. Their results are shown in Table 3 with (Campbell, I968c) but not as high as with several other cardiac malformations. During the rest of the first two decades, the mortality is about 8 times as high as the expected normal, in the third and fourth about I3 times as high, and in the fifth decade io times as high, and after this as the deaths increase in the normal population only about 4 times as high. The last line of Table 5 shows the number living at the end of each decade.
The Fig. shows the number dying in each decade with atrial septal defect compared with normal subjects up to 67 years of age when the normal curve rises outside the figure. Of patients with atrial septal defect, one-quarter have died before they are 27 years, half by 37 years, three-quarters by 50 years, and go per cent just after 6o years. These.
figures are considerably better than those for coarctation of the aorta for the first three decades but not much better after 40 years of age.
We shall next consider a completely independent method for estimating the expectation of life.
Age at death in reported necropsies
For coarctation of the aorta, my number of deaths calculated by patient-years could be compared with the ages at death in 304 reported necropsies. Either method should be accurate if the subjects studied are representative of the general population with the malformation in question. These two completely independent methods provided results of the same order, in closer agreement than seemed probable when my calculations were made on only 7I6 patient-years.
For atrial septal defect my patient-years are only 663 years, and I can find no large collection of reported necropsies since the 62 cases of Roesler with a mean age of death of 36 years. These are shown by decades in the first line of The total I2I deaths are shown in the third line and, again, reduced to percentages in the fourth line. Seventy per cent of the deaths were fairly equally distributed between the third, fourth, fifth, and sixth decades. The last three lines show the cumulative percentage of deaths at the end of each decade (a) from the reported necropsies shown above, (b) from calculations from mortality rates of observed patients shown in Table 5 , and (c) the mean of these two estimates with the range ofvariation.
There is such good agreement that it seems almost certain that the true figure is somewhere between these. The difference is never outside ± 4.5 per cent, and in the fourth decade and after the true figure can be expressed as percentages + i. With the relatively small numbers available for both these calculations, the agreement is again almost certainly closer than could reasonably have been expected.
The mean age of death was given in three other series where the patients could not be distributed between decades. Abbott (I936) had 68 patients with a mean age of 27 years, Burrett annum which would be much more than in ostium secundum defects, but much less than in most other cardiac malformations, o09 ± o04 per cent per annum (Campbell, 1970) .
Comparison with other cardiac malformations I have now been able to calculate the mortality rates and expectation of life for 5 of the commoner cardiac malformations (Table 8) .
Persistent ductus has the best outlook in every Surprisingly to me, pulmonary stenosis had the worst outlook of these five malformations. I think, however, that the evidence, including haemodynamic evidence of the rate of rise of right ventricular pressure with pulmonary stenosis, favours this view.
